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APPARATUS AND METHOD FOR OPTIMIZING THREE-DIMENSIONAL 
MODEL 

Cross Reference to Related Application 

5 This application is a continuation of 

International PCT Application No . PCT/ JP99/00338 filed 
on January 27, 1999. 

Background of the Invention 
10 Field of the Invention 

The present invention relates to an apparatus 
and method for optimizing a model for 
automatically optimizing the data structure of a model 
without damaging the final shape (outline) of the model 
15 in a computer system for processing a 
three-dimensional model such as a solid model, etc. 

Description of the Related Art 

In a production designing job using a 
20 three-dimensional CAD (computer-aided design) system, 
it is almost impossible that a target specification can 
be attained in one designing process. Normally, 
the designing process can be completed after a number 
of amendments to design results. In the 

25 designing process, the designer only has to make the 



final shape apply to the specif ication . Therefore, the 
designer is not specifically aware of the data structure 
(model structure) of a three-dimensional model. 
However, the model structure largely depends on the 
designing process, and intends to be more complicated 
with an increasing number of amendments to the design. 

As a model for representing the 
three-dimensional shape of an obj ect canbe, for example, 
a wire frame model represented by vertexes and edges; 
a surface model represented by the surface shape of an 
object; a solid model representing the definite 
discrimination between the outer portion and the inner 
portion of an object, etc. As for a solid model, the 
complicated outline of an object can be represented by 
combining the basic shapes (primitives) of a 
three-dimensional obj ect such as a cuboid, a square hole, 
etc. In this explanation, the basic shapes are referred 
to as attributes. 

For example, assume that the attribute A, which has 
become unnecessary during the designing process, has 
occurred. At this time, if there are other attributes 
B, C, which refer to the attribute A, then the 

attribute A cannot be singly deleted or amended. That 
is, when the attribute A is deleted or amended, the other 
attributes B, C, ... should be correspondingly deleted 
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and amended. Normally, each of the attributes of a solid 
model is defined using a previously defined attribute 
as a reference attribute. 

When the designer specif ies an amendment , the data 
5 structure is redefined or amended for each attribute. 
At this time, if there are only a few attributes relevant 
to a target attribute, there will not arise abigproblem. 

However, if an attribute defined at an early stage 
is to be deleted in a solid model containing hundreds 
10 or thousands of attributes, then a fatal problem may 
arise. In this case, since most of the attributes 
defined after the attribute to be deleted are relevant 
to the attribute, the designer has to manually amend 
all of the relevant attributes. This requires an 
15 enormously long time and intensive work. 

In such a case, a target shape may be obtained by 
adding a new attribute without deleting the 
target attribute. For example, when the attribute to 
be deleted represents a hole in the surface of an 
20 object, a result equivalent to the deletion of the hole 
can be obtained by newly defining an object for 
filling the hole. On the other hand, when the attribute 
of the object to be deleted represents a 
boss (projection) in the surface of the object, a 
25 result equivalent to the deletion of the boss can be 
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obtained by newly defining a hole having the same shape 
of the boss. 

However, the designing process performed on 
the conventional solidmodel has the following problems . 
5 First, a solid model designed by 

repeating substitute processes for replacing an 
attribute to be deleted with a new attribute contains 
a number of redundant attributes which are irrelevant 
to the actual shape. Therefore, the amount of data 
10 becomes enormously large, thereby causing poor 
responsiveness to each process such as the display, 
regeneration (reconstruction) , amendment, etc. of the 
shape . 

Furthermore, the relationships among 

15 the attributes make it difficult to delete or amend 
only a target attribute, thereby allowing the edition 
of a solid model only with very poor flexibility. 
When the solid model is used for a similar design or 
the analysis of a structure, the third party other 
20 than the designer may j oin the process, thereby causing 
the problem, in addition to the problem of the 
above described poor flexibility, that the third party 
does not understand the structure of the model and 
the relationships among the attributes of the model. 
25 As a result, an enormously long time is required to 
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amend the solid model . In addition, it may be necessary 
to newly generate the solid model. This is not 
an effective use of an existing solid model. 

After the solid model has been designed 
5 as described above, the structure analysis is applied 
to the model in the finite element method. In this 
case, it is necessary to divide the solid model in a 
mesh format. However, the model may not be 

successfully divided by the existing automatic mesh 
10 division function. 

This may be caused by adding an attribute 
which covers an attribute to be deleted. There is 
the possibility that a slight difference in shape 
arises at an edge of the attribute to be deleted even 
15 if a new attribute of the same shape is added to fill 
the attribute to be deleted. There are no problems when 
the shape is simple or two-dimensional. However, when 
the shape is complicated or placed on a curved plane, 
a small unexpected shape may be generated from the 
20 problem of computation precision, for example, deletion 
failure, a difference at the edge, etc. As a result, 
the mesh division method may result in fail. 

In this case, the small unexpected shape should be 
deleted or amended, thereby requiring an enormously long 
25 time and intensive work again. Even if the 
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small unexpected shape is kept as it is, and the 
mesh dividing process has been successfully performed, 
the division result contains a large number of 
small unexpected shapes, and therefore cannot be used 
5 for analysis. 

Summary of the Invention 

The present invention aims at providing 
the apparatus and method of optimizing the structure 
10 of a three-dimensional model and generating a 
model having a small amount of data and flexibility 
in edition. 

The model optimization apparatus according to the 
present invention comprises a detection unit, a deletion 

15 unit, and a construction unit. The detection unit 
detects one or more redundant shapes from a plurality 
of shapes forming a three-dimensional model of an ob j ect . 
The deletion unit deletes shape information relating 
to the one or more redundant shapes. The construction 

20 unit reconstructs a three-dimensional model of the 
object according to remaining shape information. 

Brief Description of the Drawings 

FIG. 1 shows the principle of the 
25 model optimization apparatus according to the 
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present invention; 

FIG. 2 shows the configuration of the 
model optimization apparatus; 

FIG. 3 shows the first attribute; 

FIG. 4 shows the second attribute; 

FIG. 5 shows the structure of solid model data; 

FIG. 6 shows the first filling; 

FIG. 7 shows a change in depth; 

FIG. 8 shows a change in sectional shape; 

FIG. 9 shows the second filling; 

FIG. 10 shows apluralityof attributes indicating 
the same height; 

FIG. 11 is a flowchart (1) of the process performed 
by the unnecessary attribute detection unit; 

FIG. 12 is a flowchart (2) of the process performed 
by the unnecessary attribute detection unit; 

FIG. 13 is a flowchart of the process performed by 
the structure optimization unit; 

FIG. 14 shows an example of a solid model; 

FIG. 15 shows the first solid model data; 

FIG. 16 is a deletion target list; 

FIG. 17 is an amendment target list; 

FIG. 18 is a flowchart (1) of a detecting process; 

FIG. 19 is a flowchart (2) of a detecting process; 

FIG. 20 is a flowchart (3) of a detecting process; 
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FIG. 21 is a flowchart (4) of a detecting process; 
FIG. 22 is a flowchart (5) of a detecting process; 
FIG. 23 shows the second solid model data; 
FIG. 24 shows the auxiliary curve; 
5 FIG. 25 shows the data of the auxiliary curve; 

FIG. 26 shows the configuration of the information 
processing device; and 

FIG. 27 shows storage media. 



10 Description of the Preferred Embodiments 

The embodiments of the present invention 
are described in detail by referring to the 
attached drawings . 

FIG. 1 shows the principle of the 

15 model optimization apparatus according to the 
present invention. The model optimization apparatus 
shown in FIG. 1 includes a detection unit 1, a deletion 
unit 2, and a construction unit 3. 

The detection unit 1 detects one or more redundant 

20 shapes from a plurality of shapes forming a 
three-dimensional model of an obj ect . Thedeletion unit 
2 deletes the shape information relating to the one or 
more redundant shapes. The construction unit 3 
reconstructs a three-dimensional model of the 

25 object according to the remaining shape information. 



For example, a three-dimensional model of 
an object corresponds to a three-dimensional solid 
model, and the shape of the model corresponds to the 
above described attributes. One or more redundant 
5 shapes contain unnecessary shapes for the 
three-dimensional model or two or more shapes which can 
be represented by one shape. The detection unit 1 
automatically detects the shapes. The deletion unit 2 
deletes the shape information about an unnecessary 

10 shape, integrates the shape information about two or 
more shapes into the shape information about one shape, 
and automatically deletes the shape information about 
the three-dimensional model. 

The shape information contains, for example, 

15 the identification information, the vertex 

coordinate information, the arrangement position 
information, the definition information, etc. of each 
shape contained in a three-dimensional model, and 
represents the outline, sectional shape, height, 

20 position, type (discrimination between the inner and 
outer portions of an object, etc.) of each shape. The 
construction unit 3 newly constructs a 

three-dimensional model of an object according to the 
non-deleted original shape information and the 

25 integrated shape information. 



With the above described model 

optimization apparatus, the redundant shapes of a 
three-dimensional model is deleted or integrated 
without damaging the outline of the model, and the data 
structure of the three-dimensional model can be 
automatically compressed. The three-dimensional 

model can be more easily changed in design and divided 
in a mesh format by deleting or integrating the redundant 
shapes, thereby improving the flexibility in edition. 

For example, the detection unit 1 shown in FIG. 1 
corresponds to an unnecessary attribute detection unit 
12 and a storage unit 13 shown in FIG. 2, and the deletion 
unit 2 and the construction unit 3 shown in FIG. 1 
correspond to a structure optimization unit 14 and an 
operations unit 15 shown in FIG. 2. 

The model optimization apparatus according to 
the present invention detects and deletes 
redundant attributes, simultaneously releases and 
reconstructs the relationships among the attributes, 
and optimally edits the data structure of a 
three-dimensional model. Therefore, the model 
optimization apparatus automatically performs the 
following processes. 

(1) detecting/deleting shapes unnecessary 
for the outline. 



(2) detecting pattern attributes which 
corresponds to the repetition of the same shapes and 
changing the pattern attributes into one attribute. 

(3) changing the reference position in 
the attribute arrangement (arrangement reference) into 
the substitute attribute having a smaller amount of 
data (work surface, curve, etc.) if necessary. 

(4) reproducing a solid model. 

As a result, the following effect can be obtained. 

(1) providing a solid model which has 
smaller relation between attributes and can be easily 
amended (applicable to a similar design, etc.). 

(2) effective application of a solid model to an 
analysis model, etc. in the structure analysis. 

(3) reducing the amount of data of a solid model. 

(4) shortening the time taken for 
arithmetic operations required in displaying and 
amending a solid model. 

FIG. 2 shows the configuration of the 
model optimization apparatus. A solid model 

optimization apparatus 11 shown in FIG. 2 comprises the 
unnecessary attribute detection unit 12, the storage 
unit 13, the structure optimization unit 14, and the 
operations unit 15, optimizes assigned solid model data 
21, and outputs optimized solid model data 24. 
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First, the unnecessary attribute detection 
unit 12 obtains the solid model data 21, and stores it 
in the storage unit 13 to quickly perform the 
subsequent processes. Furthermore, the unnecessary 
5 attribute detection unit 12 sequentially checks 
attributes based on a predetermined algorithm, detects 
the specific relationship between the attributes, and 
generates a deletion list 22 and a amendment list 23 
in the storage unit 13. The deletion list 22 stores a 

10 list of attributes to be deleted, and the amendment 
list 23 stores a list of attributes to be amended. 

When the processes are completed by 
the unnecessary attribute detection unit 12, the 
structure optimization unit 14 is activated, and the 

15 solid model data 21 stored in the storage unit 13 are 
sequentially regenerated. To regenerate refers to 
reconstruct a model by making appropriate amendments 
to the solid model data 21. 

At this time, the structure optimization unit 

20 14 regenerates only necessary attributes by referring 
to the deletion list 22 and the amendment list 23. 
For the attribute whose arrangement position or 
shape becomes unclear under the influence of the 
attributes to be deleted, the operations unit 15 is 

25 requested to perform the operations for the arrangement 
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position or the shape, thereby performing the 
regenerating process based on the result of the 
operations, and outputting the optimized solid model 
data 24. 

5 FIG. 3 shows an example of the attribute defined as 

a part of an object. In FIG. 3, a cuboid 25 is generated 
as a boss having its upper surface of an existing shape 
2 6 as an arrangement plane, and contains information 
such as the coordinates of each vertex, the height h, 

10 the position on the arrangement plane F, the type of 
attribute, the generat ingmethod, etc. In this example, 
the square having four vertexes, that is, vl, v2, v3, 
and v4, on the arrangement plane F represents the 
sectional shape of the cuboid 25. 

15 FIG. 4 shows an example of an attribute defined as 

an external portion of an object. In FIG. 4, a square 
hole 27 is generated as a hole having the upper surface 
of an existing shape 28 as an arrangement plane, and 
contains, as the cuboid 25 shown in FIG. 3, information 

20 such as the coordinates of each vertex, the height h, 
the position on the arrangement plane F, the type of 
attribute, the generating method, etc. In this example, 
the height h is defined by a negative value, and its 
absolute value |h| indicates the depth of the hole. 

25 Hereinafter, it is assumed that the height h indicates 
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the height of an obj ect or the depth of a hole . The square 
formed by the four vertexes v5, v6, v7, and v8 on the 
arrangement plane F indicates the sectional shape of 
the square hole 27. 
5 FIG. 5 shows the data structure of each 

attribute contained in the solid model data 21. The 
solid model data 21 contains each piece of data of the 
vertex coordinates, the arrangement position, and 
the definition information of each attribute using 

10 the attribute number as identification information. 

The attribute number is automatically assigned in 
order of generation of attributes by the 
three-dimensional C7AD, and the coordinates of the 
vertexes indicate the coordinates of all vertexes 

15 formingan attribute. These coordinates of an attribute 
are mainly used to represent the sectional shape of 
the attribute. The arrangement position indicates 
the position at which an attribute is arranged in a 
solid model, and contains the information about 

2 0 the arrangement plane and the information about a 
position on the arrangement plane. The definition 
information contains the type of an attribute, a 
generating method, the information about parameters 
necessary for the generation, etc. For example, the 

25 height h shown in FIGS. 3 and 4 corresponds to the 
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parameters in the vertical direction to the sectional 
shape . 

The relationship between the attributes 
detected by the unnecessary attribute detection unit 
5 12 based on the solid model data 21 can be various 
redundancies generated in the designingprocess as shown 
in FIGS. 6 through 10. 

FIG. 6 shows an example of filling a hole 31 by 
adding an object 32 having the same outline as the hole 
10 31. In this case, the hole 31 and the obj ect 32 areduplex 
attributes offsetting each other, thereby failing in 
forming the outline of the solidmodel . Therefore, these 
attributes are unnecessary. Similarly, when a defined 
object is removed with a hole having the same shape, 
15 their attributes are unnecessary. 

FIG. 7 shows an example of changing the depth of 
a defined hole 31 by adding an object 33 having the same 
sectional shape as the hole 31. In this case, the 
changed hole can be represented by one attribute. The 
2 0 hole 31 and the obj ect 33 are redundant duplex attributes . 
Similarly, when the height of an object is changed with 
a hole having the same sectional shape as the object, 
their attributes are redundant. 

FIG. 8 shows an example of changing the 
25 sectional shape of the hole 31 by adding an object 34 
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having the same value in height as the hole 31 in depth 
and having a smaller sectional shape than the hole 31. 
Also in this example , the changed hole can be represented 
as one attribute, and the hole 31 and the object 34 
5 are redundant duplex attributes. Similarly, when the 
sectional shape of a defined object is changed with a 
hole having the same value in depth as the object in 
height, their attributes are redundant. 

FIG. 9 shows an example of filling the hole 31 by 

10 adding an object 35 having the same value in height as 
the hole 31 in depth and having a larger sectional shape 
than the hole 31. In this case, although the outlines 
of the hole 31 and the obj ect 35 are different , the hole 31 
and the object 35 have duplex attributes offsetting each 

15 other, and do not form the outline of the solid model 
as with the case shown in FIG. 3. Therefore, these 
attributes are unnecessary. Similarly, when a hole 
having the same value in depth as a defined object in 
height and having a larger sectional shape than the 

20 object is added to remove the object, their 
attributes are both unnecessary. 

FIG. 10 shows a plurality of objects 37, 38, and 39 
having the same heights defined on the same arrangement 
plane 36. In this case, whether their sectional shapes 

25 are the same or not, the objects 37, 38, and 39 can be 
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represented by one attribute and the attributes of the 
plurality of objects are redundant. Similarly, a 
plurality of holes having the same depths defined on 
the same arrangement plane have redundant attributes 
5 to each other. 

When a plurality of attributes have the same shapes, 
they are often defined as pattern attributes . A pattern 
attribute refers to an attribute newly defined by 
automatically duplicated or represented as a numeric 

10 expression using the shape and the arrangement position 
of an existing attribute . These plurality of attributes 
can be simultaneously defined, but since they have the 
same shapes, they can be represented by one attribute. 
Therefore, these plurality of attributes are redundant . 

15 FIGS. 11 and 12 are flowcharts of the 

processes performed by the unnecessary attribute 
detection unit 12 for detecting the above described 
redundant attributes. First, the unnecessary 

attribute detection unit 12 obtains the solid model data 

20 21 in order of defined attribute numbers (step SI shown 
in FIG. 11) , extracts the vertex coordinates, 
the arrangement position, and the definition 
information about each attribute, and then generates 
data table files of vertex coordinate data 41, 

25 arrangement position data 42, and definition information 
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data 43 (step S2) . 

Next, by referring the data tables, a 
detecting process is performed for detecting attributes 
which can be deleted or integrated. First, it 
5 is determined whether or not a read attribute n is 
a pattern attribute (step S3) . Then, if the attribute n 
is a pattern attribute, the information is output to 
the amendment list 23, and it is determined whether or 
not the attribute n is the final attribute (step S12 

10 in FIG. 12) . If it is not the final attribute, n is 
incremented (n++ in FIG. 11), and control is passed to 
the process for the next attribute n + 1. 

If the attribute n is not a pattern attribute, then 
it is determined whether or not any of the already read 

15 higher order attributes have vertex coordinates 
matching the vertex coordinates of the attribute n (step 
S4) . If there is such ahigher order attribute, the higher 
order attribute and the attribute n are assumed to have 
the relationship shown in FIG. 6, and the information 

20 of those attributes is output to the deletion list 22 
to perform the processes in and after step S12. 

If such a higher order attribute cannot be detected, 
then it is determined whether or not any of the higher 
order attributes has the sectional shape matching the 

25 sectional shape of the attribute n (step S5) . If such 
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a higher order attribute can be detected, then it is 
determined that the higher order attribute and the 
attribute n have the relationship as shown in FIG. 7, 
and the information about the attribute n is output to 
5 the deletion list 22, the information about the higher 
order attribute is output to the amendment list 23, and 
the processes in and after step S12 are performed. 

If such a higher order attribute cannot be detected, 
then it is determined whether or not any of the higher 

10 order attributes has an arrangement plane matching the 
arrangement plane of the attribute n (step S6 in FIG. 
12) . If such a higher order attribute can be detected, 
then it is determined whether or not the definition 
information about the higher order attribute completely 

15 matches the definition information about the attribute 
n (step S7) . 

If they match each other, it is assumed that there 
is the relationship as shown in FIG. 10 between the higher 
order attribute and the attribute n, the information 

20 about the attribute n is output to the deletion list 
22, the information about the higher order attribute 
to the amendment list 23, and the processes in and after 
step S12 are performed. At this time, the information 
about the sectional shape of the attribute n is added 

25 to the information about the higher order attribute 
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output to the amendment list 23. 

When there is not a corresponding attribute in step 
S6, or the definition information does not match between 
the attributes in step S7, then it is determined whether 
5 or not the sectional shape can be completely included 
in the shape of the arrangement plane of the attribute 
n (step S8) . If it is included in the shape of the 
arrangement plane, the height of the higher order 
attribute including the arrangement plane is compared 

10 with the height of the attribute n (step S9) . 

If the absolute values of the heights are egual 
to each other and the heights have inverse signs, it 
is determined that there is the relationship shown in 
FIG. 8 between the higher order attribute and the 

15 attribute n, the information about the attribute n is 
output to the deletion list 22, the information about 
the higher order attribute is output to the amendment 
list 23, and the processes in and after step S12 are 
performed. At this time, the information about the 

20 sectional shape of the attribute n is added to the 

information about the higher order attribute output to 
the amendment list 23. 

When the sectional shape is not included in the 
shape of the arrangement plane in step S8, or when the 

25 heights of the attributes do not have the above mentioned 
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relationship in step S9, it is determined whether or 
not the sectional shape completely encompasses the shape 
of the arrangement plane of the attribute n (step S10) . 
If the sectional shape encompasses the arrangement plane, 
5 then the height of the higher order attribute containing 
the arrangement plane is compared with the height of 
the attribute n (step Sll) . If their absolute values 
are the same and their signs are inverse, then it is 
assumed that the higher order attribute and the attribute 

10 n have the relationship shown in FIG. 9, and the 
information of those attributes is output to the deletion 
list 22 to perform the processes in and after step S12. 

If the sectional shape does not encompass 
the arrangement plane in step S10, or the heights of 

15 the higher order attribute and the attribute n have 
not the above described relationship in step Sll, 
the processes in and after step S12 are performed. If 
the attribute n is the final attribute in step S12, 
then the process terminates. 

20 In the above described processes, the 

information about the redundant attributes to be deleted 
is collected in the deletion list 22, and the 
information about the redundant attributes to be amended 
is collected in the amendment list 23. The 

25 structure optimization unit 14 generates the optimized 
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solid model data 24 using these lists. 

FIG. 13 is a flowchart of the process performed by 
the structure optimization unit 14. First, 
the structure optimization unit 14 obtains the solid 
5 model data 21 in order of attribute numbers (step S21) , 
and determines whether or not the obtained attribute 
n has been listed by referring to the deletion list 22 
(step S22) . If the attribute n has been listed in 
the deletion list 22, it is assumed that the attribute 

10 n is not to be regenerated, and control is passed to 
the process to be performed on the next attribute n + 
1. If the attribute n has not been listed in the deletion 
list 22, then the amendment list 23 is referred to, and 
it is determined whether or not the attribute n has been 

15 listed (step S23) . If the attribute n has been listed 
there, then the sectional shape, the arrangement 
position, etc. are computed based on the listing 
information (step S24) , and the attribute n is 
regenerated according to the amended information (step 

20 S25) . 

If the attribute n has not been listed in 
the amendment list 23, it is regenerated according to 
the obtained information (step S25) . At this time, it 
is possible that the attribute n cannot be regenerated as 
25 is under the influence of the relationship between the 
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attribute n and a deleted attribute. In this case, as 
described later, the relation between the attributes 
is appropriately released to regenerate the attribute. 
Next, it is determined whether or not the attribute 
5 n is the final attribute (step S26) . If the attribute 
n is not the final attribute, control is passed to the 
process for the next attribute n + 1, and the process 
terminates when the attribute n is the final attribute. 
A group of the finally regenerated attributes is output 

10 as the optimized solid model data 24. 

In the above described process, a solid 
model defined by a large number of attributes including 
unnecessary redundant attributes can be 
automatically reconstructed using only the attributes 

15 necessary for the outline. When the solid model is 
reconstructed, the amount of data required for the solid 
model can be reduced by deleting unnecessary attributes 
and integrating a plurality of attributes into a single 
attribute, thereby easily processing the data. In 

20 addition, a solid model can be more freely edited by 
releasing the relation between attributes. 
Next, a method of optimizing a solid model is described 
below using a practical example of the solid model shown 
in FIG. 14. The solid model shown in FIG. 14 contains 

25 the following attributes, and FIG. 15 shows the solid 



model data before the optimization, 
attribute [1] : base 

attribute [2] : square hole (portion indicated by 
diagonal lines) 
5 attribute [3] : four bosses 

attribute [4] ; cuboid (portion indicated by diagonal 
lines) 

attribute [5] : square hole 
attribute [6] : cuboid 
10 There has been an intention to delete the 

above describedhole of the attribute [ 2 ] when the design 
is changed. However, it has been proved that the 
attribute [3] refers to the attribute [2], and therefore 
the attribute [2] cannot be solely deleted. As a result, 
15 an attribute [4] is newly added to cover the hole of 
the attribute [2] . 

In FIG. 15, the numbers are automatically assigned 
to attributes . In FIG. 14, the numbers are represented 
by [n] . The items refer to the structures shown in FIG. 
20 5, and the data indicates the data of each item. 

First, the vertex coordinate data of the attribute 
[1] represents the coordinates of the eight vertexes 
{ (xl, yl, zl), (x2, y2, z2), (x3, y3, z3), (x4, y4 , z4)}, 
(x5, y5, z5) , (x6, y6, z6) , (xl , y7, z7), (x8, y8, z8), 
25 which compose the shape of the base (cuboid) . Amongthese 
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vertexes, the four vertexes enclosed by the {} form the 
sectional shape generated when the attribute [1] is cut 
at the plane parallel to the XY plane. 

Since the attribute [1] is the first 
5 generated attribute, there is no arrangement position 
data of the attribute . The definition information data 
of the attribute [1] indicates that the type is 
'projection' and the generation method is 'projection* 
with the height h as a parameter of the amount of 

10 projection. The 'projection' refers to an object or 
a method of generating the object by sliding 
the sectional shape defined by vertex coordinates by 
the height h in the Z axis direction. 

Next, the vertex coordinate data of the 

15 attribute [2] represents the coordinates of the eight 
vertexes forming a cuboid. Among the vertexes, the 
four vertexes enclosed by the { } form the sectional 
shape in the upper surface Fl of the attribute [1] , which 
is the arrangement plane. 

20 In the arrangement position data of the 

attribute [2], ' 1 : Fl ' indicates that the face Fl of 
the attribute [1] is an arrangement plane, 
'l:El-25' indicates that the distance from the edge El 
of the attribute [1] to the arrangement position is 25, 

25 and ' l:E2-25' indicates that the distance from the 
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edge E2 of the attribute [1] to the arrangement position 
is 25. 

Thus, the arrangement position data contains 
the attribute numbers specifying other attributes used 
5 as arrangement references. In this case, the 

attributes [1] and [2] have parent-child relationship . 
The arrangement position data of other attributes also 
contain the attribute numbers of the parent attributes 
as references. 

10 The definition information data of the 

attribute [2] indicates that the type is 'cut' and 
the generation method is 'projection' with the height 
h as a parameter of the amount of projection. The 'cut' 
refers to a hole generated by sliding the sectional shape 

15 defined by vertex coordinates by the height h, which 
corresponds to a depth in this example, in the Z 
axis direction. Hereinafter, when the height h is 
a negative value, it refers to a projection in 
the negative direction of the Z-axis. 

20 Next, the attribute [3] indicates the centers 

of the circles which are the sectional shapes of the 
four cylinders as vertexes. The vertex coordinate 
data indicates the coordinates of the center of the 
circle and the radius of the circle. Each cylinder 

25 is described as, for example, { (xl, yl, zl)r} (x2, 
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y2, z2), and the coordinates (xl, yl, zl) enclosed by 
{ } indicate the center of the circle on the upper 
surface of the attribute [1], which is an arrangement 
plane, and r indicates the radius of the circle. 
5 In addition, the coordinates (x2, y2, z2) indicate 
the center of the circle on the upper surface of 
the cylinder. 

In the arrangement position data of the 
attribute [3], T 1 : Fl ' indicates that the face Fl of 

10 the attribute [1] is an arrangement plane, 
'2:E1-12.5' indicates that the distance from the edge El 
of the attribute [2] to the arrangement position is 12 . 5, 
and T 2:E2-12.5' indicates that the distance from the 
edge E2 of the attribute [2] to the arrangement position 

15 is 12.5. Thus, the attribute [3] refers to two 
attributes [1] and [2] as arrangement references. The 
attribute [3] has the same definition information data 
as the attribute [1]. 

Next, the vertex coordinate data of the 

20 attribute [4] indicate the coordinates of the eight 
vertexes forming a cuboid. The vertex coordinate data 
match the vertex coordinate data of the attribute [2] . 

In the arrangement position data of the 
attribute [4], ' 1 : F2 1 indicates that the bottom face 

25 F2 of the attribute [1] is an arrangement plane, 
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' l:E5-25' indicates that the distance from the edge E5 
of the attribute [1] to the arrangement position is 25, 
and 'l:E6-25' indicates that the distance from the 
edge E6 of the attribute [1] to the arrangement position 
5 is 25. 

In addition, the definition information data 
of the attribute [4] indicates that the type is 
'projection' and the generation method is 
'projection' with the height h as a parameter of the 

10 amount of projection. In the data, the type is 
different from that of the attribute [2], and indicates 
the internal portion of an object. The generating 
method is the same as that of the attribute [2] , and 
the height h is equal in an absolute value, but has 

15 an inverse sign as compared with the attribute 
[2]. These states come from the arrangement plane 
different from that of the attribute [2] . 

When the data of the attribute [2] is compared with 
the data of the attribute [4], the attributes offset 

2 0 each other, and do not contribute to the outline of the 
solid model. Therefore, they are the attributes that 
can be deleted. 

Next, the vertex coordinate data of the 
attribute [5] indicate the coordinates of the eight 

25 vertexes forming a cuboid. The four vertexes enclosed 
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by the { } form the sectional shape in the upper surface 
of the attribute [1] which is an arrangement plane. 

In the arrangement position data of the 
attribute [5], ' 1 : Fl * indicates that the face Fl of 
5 the attribute [1] is an arrangement plane, 
' 1:E1-125' indicates that the distance from the edge El 
of the attribute [1] to the arrangement position is 125, 
and 'l:E2-25' indicates that the distance from the 
edge E2 of the attribute [1] to the arrangement position 

10 is 25. The attribute [5] has similar 

definition information data to the attribute [2] . 

Next, the vertex coordinate data of the 
attribute [6] indicate the coordinates of the eight 
vertexes forming a cuboid. The four vertexes enclosed 

15 by the { } form the sectional shape in the bottom surface 
of the attribute [5] which is an arrangement plane. 

In the arrangement position data of the 
attribute [6], 1 1 : Fl 1 indicates that the face Fl of 
the attribute [5] is an arrangement plane, 

20 ' 1:E1-10' indicates that the distance from the edge El 
of the attribute [1] to the arrangement position is 10, 
and T 1:E2-10' indicates that the distance from the 
edge E2 of the attribute [1] to the arrangement position 
is 10. 

25 The attribute [6] has similar 
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definition information data to the attribute [ 1 ] . Since 
the attributes [5] and [6] have the relationship as 
shown in FIG. 8, they can be integrated into 
an attribute. 

5 In this example, the attribute type can 

be projection or cut, and the generating method 
is projection, but other optional types and 
generating methods can be similarly defined. 

For example, in the case of a series of the 

10 above described pattern attributes, the type is 
described as a pattern, and the number of patterns, 
the direction of patterns, and the pattern increment 
value are set as parameters. The number of 
patterns indicates a total number of pattern 

15 attributes belonging to the same group, and is set to 
the pattern attribute first generated in the group. The 
direction of patterns refers to the direction of copying 
pattern attributes . The pattern increment value refers 
to the interval betweenpattern attributes. If rotation 

20 is used as a generating method, the rotation angle is 
set as a parameter. 

The unnecessary attribute detection unit 
12 generates a deletion list as shown in FIG. 16, and 
an amendment list as shown in FIG. 17. The deletion 

25 list contains the data table of the attributes [2], 
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[4], and [6]. The amendment list contains the 
vertex coordinate data of the attribute [6] as the 
additional vertex data of the attribute [5] according 
to the deletion of the attribute [6] . The additional 
5 vertex data indicates the coordinates of the vertexes 
of an attribute integrated into another attribute. 

The process of detecting an unnecessary 
attribute by the unnecessary attribute detection unit 
12 is described in detail by referring to the 

10 flowcharts shown in FIGS. 18 through 22. First, the 
unnecessary attribute detection unit 12 reads the data 
table of a solid model in order of attributes numbers 
(step S31) with n set to 1 (step S30) , extracts the 
vertex coordinate data n, the arrangement position data 

15 n, and the definition information data n of the 
attribute n, and stores the data in temporary data 
buffers 51, 52, and 53 (step S32) . 

Next, the type of the attribute n is obtained 
by referring to the definition information data n 

2 0 (step S33) , and it is determined whether or not the 
type corresponds to a pattern attribute (step S34) . If 
the attribute n is a pattern attribute, the number 
of patterns, the direction of pattern, and the 
pattern increment value are obtained from the 

25 definition information data n (step S35) , and a is set 
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to n (step S36) and n is set to n+1 (step S37) . 

Then, n is compared with a + (number of patterns - 
1) (step S38) , where a + (number of patterns - 
1) corresponds to the attribute number of the 
5 final pattern attribute in the group to which the 
attribute a belongs. 

If n < a + (number of patterns - 1), then 
the attribute n is an attribute in the group . Asa result, 
the vertex coordinate data n is output as additional 

10 information about the attribute a to the amendment list 
23 (step S39) , and the processes in and after step S37 
are repeated. Thus, all vertex coordinate data of the 
pattern attribute derived from the attribute a are stored 
in the amendment list 23. 

15 Whenn>a+ (number of patterns - 1) , the data tables 

of the attributes from a through a + (number of patterns 
- 1) are output to the files 41, 42, and 43 shown in 
FIG. 11 from the buffers 51, 52, and 53 (step S40) , and 
it is determined whether or not n is the attribute number 

20 of the final attribute (step S41) . If the attribute n 
is not the final attribute, n is set to n+1 (step S42) , 
and the processes in and after step S31 are repeated. 

If it is determined in step S34 that the attribute 
n is not a pattern attribute, then b is set to 1 (step 

25 S43 shown in FIG. 19) . The vertex coordinate data n of 
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the attribute n is compared with the vertex coordinate 
data b of the higher order attribute b in the file 41 
(stepS44), and it is determined whether or not all vertex 
coordinates match one another (step S45) . If there is 
5 a vertex whose coordinates do not match those of the 
corresponding vertex, it is determined whether or not 
the vertex coordinate data b refers to the final record 
in the file 41 (step S46) . 

If the vertex coordinate data b does not refer to 

10 the final record, b is set to b + 1 (step S47) , and the 
processes in and after step S44 are repeated. If it is 
determined in step S45 that the vertex coordinate data 
n matches the vertex coordinate data b, it is assumed 
that the attribute n and the attribute b have a 

15 relationship as shown in FIG. 6. 

Then, the data table of the attribute n is output to 
the deletion list 22 (step S48) , and the data table of 
the attribute b is output to the deletion list 22 (step 
S49) . Then, the data table of the attribute n is output 

20 from the buffers 51, 52, and 53 to the files 41, 42, 
and 43 (step S50) , and the processes in and after step 
S41 are performed. 

If it is determined in step S46 that the 
vertex coordinate data b is the final record, then it 

25 is assumed that no higher order attribute having the 
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same shape as the attribute n exists, and c is set to 
1 (step S51 shown in FIG. 20) . The vertex 
coordinate data n of the attribute n is compared with 
the vertex coordinate data c of the higher order 
5 attribute c in the file 41 (step S52) , and it is determined 
whether or not their vertex coordinates data of the 
sectional shape match each other (step S53) . 

In the case of the vertex coordinate data shown in 
FIG. 15, the X coordinate and the Y coordinate of the 

10 coordinates in the { } correspond to the 
vertex coordinates of the sectional shape. If there is 
a vertex whose coordinates do not match those of 
the corresponding vertex, then it is determined 
whether or not the vertex coordinate data c refers to 

15 the final record in the file 41 (step S54) . 

If the vertex coordinate data c does not refer to 
the final record, c is set to c + 1 (step S55) , and the 
processes in and after step S52 are repeated. If it is 
determined in step S53 that the vertex coordinates of 

20 the sectional shapes match one another, then it is 
assumed that the attribute n and the attribute c can 
be integrated into an attribute. 

Then, the height hn is obtained from the definition 
information data n (step S56) , the height he is obtained 

25 from the definition information data c of the higher 
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order attribute c in the definition information data 
43 (step S57), the result of adding the hn to the he 
is obtained as he, and the height of the attribute c 
is changed (step S58) . Thus, for example, the two 
5 attributes having the relationship as shown in FIG. 4 
can be integrated into an attribute. 

Next, the data table of the attribute n is output to 
the deletion list 22 (step S59) , the obtained height 
he is stored in the definition information data c of 

10 the attribute c, and the definition information data c 
are output to the amendment list 23 (step S60) . Then, 
the data table of the attribute n is output from the 
buffers 51, 52, and 53 to the files 41, 42, and 43 (step 
S61) and the processes in and after step S41 are 

15 performed. 

If it is determined in step S54 that the 
vertex coordinate data c refers to the final record, 
then it is assumed that no higher order attribute having 
the same sectional shape as the attribute n exists, d 

20 is set to 1 (step S62 shown in FIG. 21), the 
arrangement position data n of the attribute n is 
referred to, and the arrangement plane information of 
the attribute n is obtained (step S63) . 

Then, the arrangement plane information 

25 described in the arrangement position data d of the 
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higher order attribute d in the file 42 is compared with 
the arrangement plane information of the attribute 
n (step S64) , and it is determined whether or not 
the arrangement planes match each other (step S65) . 
5 If they do not match each other, then it is 
determined whether or not the arrangement position data 
d refers to the final record in the file 42 (step S66) . 

If the arrangement position dataddoes not refer to 
the final record, d is set to d+1 (step S67) , and the 

10 processes in and after step S64 are repeated. If it is 
determined in step S65 that the arrangement planes match 
each other, then the definition information data d of 
the higher order attribute d in the file 43 is compared 
with the definition information data n (step S68) , and 

15 it is determined whether or not they match each other 
(step S69) . If the definition information data n 
matches the definition information data d, then the 
attribute n and the attribute d indicate the shapes 
having the same type and height on the same plane. As 

20 a result, these attributes can be integrated into an 
attribute . 

Therefore, the vertex coordinate data n of 
the attribute n is output to the amendment list 23 
as additional information about the attribute d 
25 (step S70), and the data table of the attribute n is 
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output to the deletion list 22 (step S71) . Thus, 
for example, the two attributes having the 
relationship shown in FIG. 10 can be integrated into 
an attribute. The data tables of the attributes n are 
5 output from the buffers 51, 52, and 53 to the files 41, 
42, and 43 (step S72) , and the processes in and after 
step S41 are repeated. 

If it is determined in step S66 that the arrangement 
position data d refers to the final record, or it is 

10 determined in step S69 that the definition information 
data n does not match the definition information data 
d, then it is assumed that no higher order attribute 
having the same type and the height as the attribute 
n exists on the same arrangement plane. 

15 Then, the arrangement position data n is 

referred to, and the information about the higher 
order attribute e having the arrangement plane of 
the attribute n is obtained (step S73 in FIG. 22) . 
The definition information data n is referred to, and 

20 the height hn of the attribute n is obtained (step 
S74) . The definition information data e is referred to, 
and the height he of the attribute e is obtained 
(step S75) . Then, it is determined whether or not 
the arrangement plane of the attribute n is the same 

25 as that of the attribute e (step S76) . 
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When the arrangement planes match each other , then 
hn - he is computed, and it is determined whether or 
not the result is 0 (step S77) . If it is not 0, then 
it is assumed that the attributes n and e cannot be 
5 integrated into an attribute, the data table of the 
attribute n is output from the buffers 51, 52, and 53 
to the files 41, 42, and 43 (stepS78), and the processes 
in and after step S41 are performed. 

If hn - he = 0, then the attributes match each other 

10 at least in arrangement plane and height and there is 
^possibility that the attributes can be integrated into 
an attribute. Then, the vertex coordinate data n is 
referred to, and the sectional area An of the attribute 
n is computed (step S81) . The vertex coordinate data 

15 e in the file 41 is referred to, the sectional area Ae 
of the attribute e is computed (step S82) , and the An 
is compared with the Ae (step S83) . In the case of the 
vertex coordinate data shown in FIG. 15, the sectional 
area can be computed using the X and Y coordinates of 

2 0 the coordinates in the {}. 

If An < Ae, then it is assumed that the attribute n 
has the function of changing the sectional shape of the 
attribute e, the vertex coordinate data n are output 
to the amendment list 23 as additional information about 

25 the attribute e (step S84), and the data table of the 
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attribute n is output to the deletion list 22 (step S85) . 
Thus, for example, two attributes having the 
relationship as shown in FIG. 8 can be integrated into 
an attribute. Then, the data table of the attribute n 
5 is output from the buffers 51, 52, and 53 to the files 
41, 42, and 43 (stepS86), and the processes in and after 
step S41 are performed. 

If An > Ae, it is assumed that the attributes n and 
e offset each other, the data tables of the attributes 

10 n and e are output to the deletion list 22 (step S87) , 
and the processes in and after step S86 are performed. 
Thus, for example, two attributes having the 
relationship as shown in FIG. 9 can be deleted. 

I f it is determined in step S7 6 that the arrangement 

15 planes do not match, then hn + he is computed, and it 
is determined whether or not the result is 0 (step S79) . 
If hn + he is not 0, it is assumed that the attributes 
n and e cannot be integrated into an attribute, and the 
data table of the attribute n is output from the buffers 

20 51, 52, and 53 to the files 41, 42, and 43 (step S80) , 
and the processes in and after step S41 are performed. 

If hn + he = 0, then the attributes n and e touch 
on at least one face of the attribute e and have heights 
with the same absolute value and inverse signs, and there 

25 is a possibility that they can be integrated into an 
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attribute. Then, the processes in and after step S81 
are performed. If the attribute n refers to the final 
attribute instepS41 after repeating the above described 
processes, then the process terminates. 
5 In the case of the solid model shown in FIG . 15, the 

data table of the attribute [1] is first read. However, 
it is the first generated base attribute, and is not 
a pattern attribute. Therefore, it is not detected as 
a redundant attribute, and is output as is to the files 
10 41, 42, and 43. Next, the data tables of the attributes 
[2] and [3] are read. They are not detected as redundant 
attributes, and are output as is to the files 41, 42, 
and 43. 

Then, the data table of the attribute [4] is read. 

15 Since the vertex coordinate data of the attribute [4] 
match the vertex coordinate data of the attribute [2], 
it is detected by the determination in step S45 shown 
in FIG. 19. The data tables of these attributes are 
output to the deletion list 22. The data table of the 

20 attribute [2] is also output to the files 41, 42, and 
43. Next, the data table of the attribute [5] is read, 
but it is not detected as a redundant attribute, and 
is output as is to the files 41, 42, and 43. 

Next, the data table of the attribute [6] is read. 

25 The attribute [6] is not detected as a redundant 
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attribute in any of the processes shown in FIGS. 18, 
19, and 20. Also in the determination in step S65 shown 
in FIG. 21, the attribute [6] does not match any higher 
order attribute in arrangement plane. Therefore, the 
5 information about the attribute [5] having the 
arrangement plane of the attribute [6] is obtained in 
step S73 shown in FIG. 22. In steps S74 and S75, the 
heights h of the attributes [5] and [6] are obtained. 
Since these attributes do not match each other in 

10 arrangement plane, the obtained two heights h are added 
together in step S79, and it is checked whether or not 
the result of the addition is 0. Since the height h of 
the attribute [6] is 5 and the height h of the attribute 
[5] is -5, the result of the addition is 0. 

15 Then, in steps S81 and S82 , the sectional areas of 

the attributes [6] and [5] are computed. Since 
the sectional shape of the attribute [6] is a square 
each of which sides is 30 in length. Therefore, its 
area An is 900. The sectional shape of the attribute 

20 [5] is a square each of which sides is 50 in 
length. Therefore, its area Ae is 2,500. As a result, 
An < Ae in step S83. 

In step S84, the vertex coordinate data of 
the attribute [6] being checked is output to the 

25 amendment list 23 as additional information about the 
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higher order attribute [5], and the attribute [6] 
is integrated into the attribute [5] . Thus, the 
data table of the attribute [6] is not required, 
and therefore is output to the deletion list 22 in 
5 step S85. Thus, the deletion list and the amendment 
list as shown in FIGS. 16 and 17 are generated. 

When a design model is applied to the 
structure analysis, etc., there arises no specific 
problem even if the arrangement reference representing 

10 the reference position for arrangement of each attribute 
is changed. In this case, the arrangement reference 
can be changed as necessary to reconstruct a model. 
In the example shown in FIG. 14, the 
arrangement reference of the attribute [3] includes the 

15 attribute [2] . Therefore, the attribute [2] cannot be 
deleted as is. However, by changing the arrangement 
reference, the attributes [2] and [4] can be 
simultaneously deleted, thereby furthermore 

compressing the data. 

2 0 A new arrangement reference can be obtained 

by using an existing attribute which is not to be deleted, 
or by defining a pseudo-plane for use in operations. 
In FIG. 14, since the attribute [1], which is a base 
attribute, is not deleted, it can be used as an 

25 arrangement reference for the attribute [3] . 
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In FIG. 14, when the XY plane, the YZ plane, and the 
ZX plane are used as pseudo-planes of the arrangement 
reference, these three planes are defined as the first 
three attributes . If the arrangement references of all 
5 subsequent attributes are set on these pseudo-planes, 
then the dependency between the attributes 
(parent-child relationship) can be 

completely released. 

The structure optimization unit 14 

10 regenerates the attributes in order of attribute numbers 
of the solid model data by performing the process shown 
in FIG. 13 by referring to the deletion list shown in FIG. 
16 and the amendment list shown in FIG. 17 . First, since 
the attribute [1] is not described in either list, it 

15 is regenerated as is. Since the attribute [2] is 
described in the deletion list, the data of the attribute 
are skipped and are not regenerated. 

Next, since the attribute [3] is not described in 
either list, it is regenerated. However, since 

20 the attribute [2], which is an arrangement reference, 
has been deleted, the arrangement position cannot be 
set as is. 

The operations unit 15 automatically computes 
the distance between the edge of the attribute [2], 
25 which is the arrangement reference of the attribute [3], 
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and the edge of the existing attribute [1] using 
the arrangement position data and the vertex 
coordinate data of the attribute [2] in the deletion 
list. The structure optimization unit 14 changes the 
5 arrangement reference from the edge of the attribute 
[2] to the edge of the attribute [1] . At this time, 
the attribute number is changed from 3 to 2 . 

Then, the attribute [4] is described in 
the deletion list, and therefore is not regenerated. 

10 The attribute [5] is described in the amendment list, 
and cannot be regenerated as is. In this example, 
the additional vertex data described in the amendment 
list is added to the vertex coordinate data of 
the attribute [5], and the changed shape is 

15 regenerated. At this time, the attribute number is 
changed from 5 to 3 . 

Next, since the attribute [6] is described in 
the deletion list, it is not regenerated. 
Therefore, finally, the three attributes as shown in 

20 FIG. 23 remain. In FIG. 23, the attribute [1] 
corresponds to the original attribute [1], the attribute 
[2] corresponds to the original attribute [3] 
whose arrangement position has been amended, and 
the attribute [3] corresponds to the original 

25 attribute [5] whose vertex coordinates have been 
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amended. 

In this example, the arrangement reference of 
the attribute [3] is changed into the attribute [1] for 
regeneration. However, the above described work plane 
5 can be used as an arrangement reference. In this case, 
the operations unit 15 automatically defines three 
pseudo-work-planes based on the origin of the XYZ 
coordinate system, and automatically computes the 
distance between each of the work planes and the 

10 attribute [3] . The structure optimization unit 14 
changes the arrangement reference of the attribute [3] 
into the work plane. For example, the XY plane, the YZ 
plane, and the ZX plane can be defined according to the 
simple information of Z = 0, X = 0, and Y = 0 respectively. 

15 Since three work planes are added as 

three pseudo-attributes in this method, a solid model 
data comprising six attributes is finally output. 
However, the attribute of a work plane does not require 
the vertex coordinate data, the arrangement 

20 position data, and the definition information data, and 
the amount of data is considerably small. Therefore, 
the amount of data of the regenerated solid model is 
much reduced. 

Thus, a solid model data can be optimized 

25 by changing an arrangement reference. However, it 
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is possible that an arrangement reference cannot 
be changed. For example, in processing a product 
using the numeric control processing device (NC 
machine) , there arises a problem in the operation of 
5 the device when the arrangement reference is changed 
in case that a design model is applied in generating 
the NC data indicating the shape of a product. 

In this case, it is desired that an 
auxiliary pseudo-curve having the same shape and 

10 arrangement as the attribute to be deleted is defined, 
the distance from the auxiliary curve is obtained, and 
a model is regenerated with the arrangement reference 
remaining unchanged. Since an attribute to be deleted 
is replaced with an auxiliary curve in this method, 

15 the data compression rate cannot be as high as in 
the above described regeneration example. However, 
since the amount of data of the auxiliary curve itself 
is small, the data can be compressed to some extent. 

In this case, the structure optimization unit 

20 14 regenerates a solid model data as follows by 
referring to the deletion list shown in FIG. 16 and 
the amendment list shown in FIG. 17. First, since 
the attribute [1] is not described in either list, it 
is regenerated as is. Since the attribute [2] 

25 is described in the deletion list , it is not regenerated. 
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Next, since the attribute [3] is not described in 
either list, it is to be regenerated. However, since 
the attribute [2], which is an arrangement reference, 
has been deleted, the arrangement position of the 
5 attribute [3] cannot be set as is. 

The operations unit 15 automatically 
generates the auxiliary curve including the edge of 
the attribute [2], which is an arrangement reference 
of the attribute [3] , using the arrangement position 

10 data and the vertex coordinate data of the attribute 
[2] in the deletion list. Then, the 

structure optimization unit 14 changes the arrangement 
reference from the edge of the attribute [2] to the 
auxiliary curve based on the computation result. 

15 Thus, anauxiliary curve 61 is generatedas shown in 

FIG. 24, and the data table is set using the attribute 
number of the attribute [2] as shown in FIG. 25. When 
the data table shown in FIG. 25 is compared with the 
data table of the attribute [2] shown in FIG. 15, the 

20 number of pieces of the vertex coordinate data is reduced, 
and the definition information data is deleted as shown 
in FIG. 25. The auxiliary curve 61 holds necessary 
information as an arrangement reference of the attribute 
[3] . Therefore, the arrangement position data of the 

25 [3] is not changed. 
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Next, the attribute [4] is described in 
the deletion list, and therefore is not regenerated. 
The attribute [5] is described in the amendment list, 
and therefore cannot be regenerated as is. In 
5 this example, the additional vertex data described in 
the amendment list is added to the vertex coordinate 
data of the attribute [5], and a changed shape can 
be regenerated. At this time, the attribute number 
is changed from 5 to 4 . Since the attribute [6] 

10 is described in the deletion list, it is not 
regenerated. Therefore, four attributes finally remain 
including the auxiliary curve 61 . 

According to the above described embodiment, 
a solid model is used as an example of a 

15 three- dimensional model. The present invention can 
also be applied to an arbitrary model such as a wire 
frame model, a surface model, etc. Furthermore, it is 
not always necessary to output a data table of 
an attribute to be deleted to the deletion list 22 . That 

20 is, only the attribute number of the attribute to be 
deleted can be output. 

The model optimization apparatus shown in FIG. 2 
can be designed using the information processing device 
(computer) as shown in FIG. 26. The information 

25 processing device shown in FIG. 26 comprises a CPU 
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(central processing unit) 71, memory 72, an input device 
73, an output device 74, an external storage device 75, 
amedium drive device 76, andanetwork connection device 
77. These units are interconnected through a bus 78. 
5 The memory 7 2 comprises, for example, ROM 

(read-only memory) , RAM (random access memory), etc., 
and stores a program and data used in the process. 
The CPU 71 performs a necessary process by executing 
a program using the memory 72. 

10 The unnecessary attribute detection unit 12, 

the structure optimization unit 14, and the 
operations unit 15 shown in FIG . 2 correspond to software 
components described by the program, and are stored in 
a specific program code segment in the memory 72. The 

15 storage unit 13 shown in FIG. 2 corresponds to a specific 
storage area in the memory 72. 

The input device 73 canbe, for example, a keyboard, 
a pointing device, a touch panel, etc., and is used in 
inputting an instruction from a user and information. 

20 The output device 74 can be, for example, a display, 
a printer, etc., and is used in inquiring a user and 
outputting a process result, etc. 

The external storage device 75 can be, for example, 
a magnetic disk device, an optical disk device, a 

25 magneto-optical diskdevice, etc . The external storage 
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device 75 stores the above described program and data 
to use them by loading them into the memory 72 as necessary . 
In addition, the external storage device 75 also 
functions as a database storing solid model data. 
5 The medium drive device 7 6 drives a 

portable storage medium 79 and accesses the stored 
contents. The portable storage medium 79 can be an 
arbitrary computer-readable storage medium such as a 
memory card, a floppy disk, CD-ROM (compact disk 

10 read-only memo), an optical disk, a magneto-optical disk, 
etc. The portable storage medium 79 stores the 
above described program and data which can be loaded 
into the memory 72 as necessary. 

The network connection device 77 

15 communicates with an external device through an 
arbitrary network (line) such as the LAN (local area 
network), etc., and converts the data for use in the 
communications. In addition, the network connection 
device 77 can receive the above described program and 

20 data from an external device as necessary, load them 
into the memory 72 for use. 

FIG. 27 shows computer-readable storage 
media capable of providing a program and data for 
the information processing device shown in FIG. 26. 

25 The program and data stored in the portable storage 
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medium 79 and an external database 80 are loaded into 
the memory 72. The CPU 71 executes the program using 
the data, and performs necessary processes. 

According to the present invention, a solid 
5 model which requires a small amount of data and has 
high flexibility for editing data can be 
automatically constructed. Thus , the resources such as 
a hard disk, etc. can be effectively utilized, and the 
display speed on a display unit can be improved. Since 

10 it has high editing flexibility, a model can be 
easily changed even if a new designer has been assigned 
or when a third party performs another operation 
using the model. 

Furthermore, since a duplex attribute such 

15 as filling, etc. can be automatically deleted, a 
mesh division can be guaranteed while mesh data is 
prepared for analysis, and small shapes can be prevented 
from being generated. As a result, the work time 
required for an analyzing operation can be 

20 considerably shortened. 



